Recently, middle-aged men who have begun frequently complaining of erectile dysfunction and nonspecific symptoms similar to those of postmenopausal women, visited a male climacterium clinic in Japan. Some patients, who were already taking antihypertensive medication, discontinued or reduced their dosages of antihypertensive medication after anti-depressant therapy. Forty-nine males over the age of 40 years were studied to evaluate the relationships between blood pressure, mental stress, and testosterone levels. The systemic blood pressure (sBP) of 24 patients was higher than the criteria for mild hypertension: 140/90 mmHg (HT group) at first visit. The sBP of the other 25 patients was normal (N group). The international index of erectile function (IIEF5) score (normal >21), self-rating depression scale (SDS) score (normal <40), and plasma testosterone levels were also evaluated before and after anti-depressant therapy without androgen replacement therapy.There were no significant differences between the groups in IIEF5 or SDS scores.
Introduction
In contrast to women, men do not experience a sudden cessation of gonadal function such as occurs in menopause. However, there is a progressive reduction in hypothalamicpituitary-gonadal (HPG) axis activity in aging men: testosterone levels decline. Such progressive HPG-axis hypofunctioning is thought to be responsible for some signs and symptoms that are common in elderly men, such as fatigue, reduced muscle and bone mass, sexual dysfunction, and depression. Testosterone replacement in men with age-related mild hypogonadism is not apparently effective in reversing these symptoms (1) . Seidman already reported that many of the studies conducted thus far on the specific association between psychiatric symptoms, such as depression, and plasma testosterone levels have been methodologically flawed. Although hypogonadism is not central to major depressive disorder, HPG hypofunction may have an etiological importance in mild depressive conditions, such as dysthymia (2).
Shores et al. reported that age-associated hypogonadism (testosterone deficit) occurs in 30% of men after the age of 55, and the 2-year incidence of diagnosed depresive illness was 21.7% in hypogonadal men vs. 7.1% in other men (3) . Hypogonadal men showed an increased incidence of depressive illness and a shorter time to a diagnosis of depression.
Recently, erectile dysfunction (ED) and nonspecific complaints, such as insomnia, headache, vertigo, shoulder stiffness, palpitation, chest pain, hyperventilation, cold sweat, diarrhea, constipation, and cold constitution, have become very common among middle-aged men, as they are among postmenopausal women. To address this phenomenon, we set up a male climacterium clinic in Japan. The chief complaint of about 30% of the patients was ED, and they asked about the possibility and safety of taking medications such as sildenafil citrate or valdenafil hydrochloride. The other 70% of patients had nonspecific complaints, depression, and anxiety.
Ten of 100 patients in our clinic were already taking antihypertensive medication at the time of their first visit. After receiving psychiatric treatment, however, 6 of those 10 patients discontinued their antihypertensive medication, and the other 4 reduced their dosages.
This study focused on the specific association between systemic blood pressure (BP) and HPG axis activity in patients with psychiatric symptoms who visited a male climacterium clinic in Japan.
Methods

Subjects
We had 170 cases from April 2001 to November 2003 in a male climacterium clinic. The mean age of the patients was 52.5 years. There were two chief complaints: ED and menopausal symptoms, such as insomnia, headache, vertigo, palpitation, chest pain and hyperventilation. There were 48 cases that complained only of ED and requested sildenafil citrate. We excluded those patients from this study because their mental conditions were very good. There were 122 cases who complained of menopausal symptoms.
Of the remaining 122 patients, we selected 49 subjects above 40 years old for age matching. The criteria for enrolling patients in the study are: 1) Testosterone level was measured at first visit and 2) systemic BP was being tracked.
We employed the minimum BP at 5 min after bed rest. There were 25 cases with BP < 140/90 mmHg at first visit, and those patients were defined as the N group. There were 24 cases with BP ≥ 140/90 mmHg at first visit, and those patients were defined as the HT group. In the HT group, there were 5 patients who were already taking antihypertensive medications; this did not change during this study.
According to Diagnostic and Statistical Manual of MentalDisorder (DSM-IV), there were 15 patients in N and 13 in HT with a diagnosis of major depression.
Parameters
We measured systemic BP, self-rating depression scale (SDS) score (normal < 40) (4), international index of erectile function (IIEF5) score (5), and plasma total or free testosterone levels during the first visit. Plasma total or free testosterone levels were measured by radioimmunoassay using commercially available kits (Dignostic Products, Los Angeles, USA).
About 3 months later, BP was measured again in all patients. The SDS and IIEF were also evaluated in 25 patients (N group: 12; HT group: 13), and plasma testosterone levels were measured in 32 patients (N group: 15; HT group: 17) about 3 months later. 
Medical Treatment
The counseling and autogenic training were very important treatments, so we always taught patients in autogenic training and allowed enough time to hear their clinical history and complaints. Basically, we prescribed 100 to 150 mg of sulpiride for almost all patients, and we added selective serotonin reuptake inhibitor (SSRI), such as fluvoxamine and paroxetine, or serotonin noradrenaline reuptake inhibitor (SNRI), such as milnacipran, depending on their complaints. We also prescribed alprazolam for patients with anxiety. There was no significant difference in medial treatments between the two groups by the χ 2 test, as shown in Table 1 .
Statistical Analysis
Data represent means±SD. Interstage comparisons were performed using the paired Student's t-test. p< 0.05 (two-sided) was considered statically significant for all comparisons. Figure 1 shows the background data obtained at first visit. Not surprisingly, the mean BP (mBP) of the HT group was significantly higher than that of the N group (mBP: 91±9 vs. 112±7 mmHg; p< 0.001). However, there were no significant differences in age, SDS score, and IIEF5 between the groups (age: N group, 51.3±8. Figure 2 shows the plasma testosterone levels at first visit. At our institution, the normal lower level of total testosterone was 270 ng/dL and that of free testosterone was 5.1 pg/mL, whose normal data was neither universal nor authorized. Plasma total testosterone levels of the HT group were significantly lower than those of the N group (230±77 vs. 343±92 ng/dL, p< 0.001). Also, plasma free testosterone levels of HT were lower than those of N, but the difference was not statistically significant (9.2±2.7 vs. 14.4±17.0 pg/mL, p= 0.194). Figure 3 shows the changes in IIEF5 and SDS after treatment. In both groups IIEF5 did not change (N: 11.1±8.2 to 9.5±8.5; HT: 11.2±6.2 to 10.1±6.3). However, SDS score significantly decreased in both groups (N: 52.1±7.6 to 43.8±10.3, p< 0.005; HT: 51.4±8.6 to 43.5±9.3, p< 0.05). The improvement in SDS score in both groups was almost the same. That is, the mental conditions of patients in both groups improved equally. Figure 4 shows the changes in BP in both groups after treatment. Systolic BP (sBP), diastolic BP (dBP), and mBP did not change after treatments in N (sBP: 121±13 to 118±11 mmHg; dBP: 76±8 to 74±7 mmHg; mBP: 91±9 to 89±8 mmHg). sBP, dBP, and mBP significantly decreased after treatment in HT (sBP: 154±10 to 127±9 mmHg; dBP: 91±8 to 77±6 mmHg; mBP: 112±7 to 94 ±7 mmHg; p< 0.001). Figure 5 shows the changes in plasma testosterone levels after treatment. Plasma total testosterone levels of the N group did not significantly change (335±103 to 349±118 ng/dL), whereas those of the HT group significantly increased (218±77 to 277±78 ng/dL, p< 0.005). In both groups, plasma free testosterone levels did not significantly change (N: 11.5±5.0 to 10.5±4.7 pg/mL; HT group: 9.4±2.9 to 10.1±2.3 pg/mL).
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Discussion
In this study, almost all patients complained of self-referred men's andropause, which was the subject of a media campaign in Japan. T'Sjoen et al. reported that, after such a campaign in Belgium, 81 consecutive self-referred patients were evaluated, of whom only 7.1% were then diagnosed with "idiopathic" androgen deficiency in aged males (ADAM) (6). The majority of those patients presented with ED. In our study, many patients complained of depression, melancholy, and anxiety. According to DSM-IV, there were 28 patients with a diagnosis of major depression, and other patients were diagnosed with anxiety disorders or mood disorders out of 49 patients. So, the mean SDS score before treatment was about 50, because almost all patients, who would like to visit a male climacterium clinic in Japan, might suffer from mental problems. Also the mean score of IIEF5 before treatment was below 15, because almost all patients suffered from ED caused by mental stress. However, ED would not be a serious problem in those patients in Japan. So the mean score of IIEF5 after treatment did not change even if the mean SDS score after treatment improved significantly. This dissociation might be a unique feature within Japanese culture. Anyway, the mean SDS scores after treatment improved significantly in both groups after the anti-depressant therapy.
BP and Mental Stress
Many studies have reported a significant relationship between mental stress and hypertension (7). Markovitz et al. reported on the Framingham Study, which indicated that among middle-aged men, but not women, anxiety levels are predictive of later incidence of hypertension (8) . Among patients with depression and anxiety, there were many patients with hypertension (9).
BP and Testosterone Levels
Jaffe et al. reported that testosterone and bioavailable testosterone levels were lower in hypertensive men and after stratification by age and body mass index, and that hypertensive men younger than 50 years with body mass index less than 30 kg/m 2 had significantly lower testosterone levels than the corresponding normotensive group (10). The most wellknown cause of essential hypertension is mental stress. Also, mental stress is the most powerful cause of depression (7, 8) . Many papers reported that plasma testosterone levels were decreased in patients with major depression or mental stress. Christiansen et al. reported that there was a significant positive intersubjective relationship between the free testosterone from saliva samples and long-term plus concurrent somatic stress (11) . Barrett-Connor et al. reported that the Beck Depression Inventory score was significantly and inversely associated with bioavailable testosterone, and that bioavailable testosterone levels were 17% lower for 25 men with categorically defined depression than the levels observed in all other men (12). Booth et al. reported that the relationship between testosterone and depression was inverse for men with below-average testosterone in a sample of 4,393 men, and that a parabolic model best fits the data (13). Schweiger et al. showed that, after adjustment for age only, daytime testosterone (p< 0.01), nighttime testosterone (p< 0.05), and 24-h mean testosterone secretion (p< 0.01) were significantly lower in the depressed male inpatients (14) .
Also, some papers suggested that psychological problems might induce hypogonadium and hypertension. Nilsson et al. reported that hypogonadal men showed a cluster of negative psychosocial variables and psychological as well as healthrelated problems along with higher pulse pressure than men with normal gonadal function (15). Theorell et al. also reported that total plasma testosterone (but not free testosterone) levels increased when strain diminished in sedentary work, but not in physically demanding work. Subjects with a family history of hypertension showed a greater decrease in testosterone levels than others when job strain increased (16) .
Kaneda and Fujii reported that there was no significant difference in the mean levels of serum testosterone between patients diagnosed with depression and healthy subjects in the elderly (17) . In the present study, we enrolled patients above 40 years old, but there were very few above 60. So hypogonadism and hypertension in middle-aged men might improve easily after the reduction of mental stress brought about by antidepressants.
Hypothesis of Low Testosterone Levels in Patients with Hypertension
Those previous reports indicate that mental stress could be a strong causal factor in hypertension and depression. The testosterone levels in patients with depression or hypertension are also lower than those in normal subjects. In our study, the testosterone levels in patients with hypertension are indeed lower than those in normotensive patients, even though the SDS scores in both groups are the same. Moreover, the testosterone levels in patients with hypertension increased concomitant with the improvement in SDS score after treatment. However, the testosterone levels in normotensive patients did not change after treatment. The scores of SDS and IIEF are very subjective, whereas BP is objective. So, BP could be a good index of the degree of mental stress when combined with SDS in patients with mental problems. Figure 6 shows the mechanism of testosterone secretion and our hypothesis about this result. The figure shows the HPG axis. The hypothalamus is the most important portion to control many hormone levels and the autonomic nerve system, which also controls blood pressure. First, the hypothalamus secretes gonadotropin-releasing hormone (GnRH), which stimulates the secretion of luteinizing hormone (LH) and follicle-stimulating hormone (FSH) from the pituitary gland. Luteinizing hormone (LH) also stimulates the secretion of testosterone from the testis. The hypothalamus is always exposed to mental or physical stress. Prolonged severe mental stress might suppress the function of the hypothalamus. As a result of mental stress, BP might increase and plasma testosterone levels might decrease. This is our hypothesis. Exogenous testosterone, such as that in androgen replacement therapy, might induce further suppression of the HPG axis.
Limitations of the Present Study
In this study, we could not evaluate other hormones, such as the GnRH or LH. So, we could not explain our hypothesis clearly. However, anti-depressant therapy and counseling were very effective therapies for reducing systemic BP in middle-aged patients with hypertension who visited a male climacterium clinic. Testosterone level might be a good indicator of the degree of mental stress in middle-aged men.
Some lipid-lowering drugs were reported to affect plasma testosterone levels, so we did not change those medications during this study. 
Clinical Implications
From our data, the mild hypertension in the patients with mood disorder could be controlled by using anti-depressants, such as fluvoxamine or paroxetine, without androgen replacement therapy. The monitoring of BP and plasma testosterone levels could be useful during treatment for depression or anxiety in middle-aged men.
Conclusion
Psychotherapy ameliorated systemic BP in patients with male menopause whose testosterone levels were relatively low. Mental stress caused by depression or anxiety might decrease testosterone levels during male menopause
